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QUESTION 1 (10/100 marks) 


Numerical questions (1.1 — 1.4). Show all the working (numerical development) of how you 
reached your answer. Partial marks may be awarded even if the final numerical result is 
incorrect. 


1.1 There are 2 populations in Africa that have some individuals with albinism. In population 1, the 
gene with a mutant allele is B with B and b alleles. In Population 2 the gene of interest is D with D 
and d alleles and is involved in another step in the biochemical pathway for production of melanin. 
In both instances it is the recessive allele that leads to albinism. In each population assume the 
people are homozygous normal for the other gene of interest. The proportion of albino children in 
Population | is 12% while only 0.2% of children in Population 2 are albinos. (3 marks) 


e What are the allele frequencies in both of these populations for B/b and D/d alleles? 
e Why do you think there could be such a large difference in albinism between the 2 
populations? 


1.2 Calculate the average heterozygosity for the following blood group genes in a human population. (2 
marks) 


Lewis blood group | LML” 62 | LMLN 24 | LNLN 14 


ABO blood group IT’ 23 Ii 16 Peo | Pia | TAP AG.) ii 45 


1.3. Using the data from the table above in the previous question, the allelic frequencies for the 
alleles in the ABO system are: 


allele | symbol | frequency 
I’ p 0.36 
PP q 0.09 
i r 0.55 


e Is this population in Hardy-Weinberg equilibrium for the ABO blood group system? Why or 
why not? You will need the information in Table below to help make your decision. (3 marks) 


Degrees of freedom | 5% critical value 
3 7.81 
4 9.49 
5 11.07 


1.4 An allele has a mutation rate of 10° from other alleles to it. If the current allele frequency of 
this allele is 0.15 how much will it change and what will be its new frequency in the next 
generation? (2 marks) 
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QUESTION 2 (20/100 marks) 


How can genetics assist conservation efforts of an endangered population? 


QUESTION 3 (10/100 marks) 


Summarize the main types of molecular markers. How can they be used in conservation genetics? 


QUESTION 4 (10/100 marks) 


Discuss the relevance of the concept of species for conservation genetics. 


QUESTION 5 (10/100 marks) 


Summarize the processes that can lead to speciation. 


QUESTION 6 (10/100 marks) 


Discuss how to estimate inbreeding and its effects on small populations. 


QUESTION 7 (30/100 marks) 
This question has three parts. Each part is worth 10 marks. 


Eight cattle breeds (Bos primigenius) were genotyped using the 50K SNP chip. Seven of the breeds 
where Bos primigenius taurus, which can be split into five European breeds: dairy (Brown Swiss and 
Holstein) and beef (Hereford, Angus and Limousine); and two Eastern Asian breeds (Korean Hanwoo 
and Chinese Yeonbyun). A Bos primigenius indicus breed (Brahman) was included, mainly to serve 
as an outgroup. The numbers of individuals genotyped for each breed are summarized in Table 7.1. 
provided on page 4. 


Hanwoo samples consisted of three subpopulations: Jeju Black, Brindle and Brown Hanwoo. The 
first two are island populations with small numbers (~1,000 individuals in each population) while the 
latter is a very large mainland population. All three are part of the same breed but have been 
geographically isolated since the 1950’s with limited gene flow between them since then. 


Use the information above and the data in tables 7.1 and 7.2 on page 4 to answer the following 
questions: 


7.1 Using the data from table 7.1 discuss the levels of variation observed within the breeds and 
subpopulations. Are there any potential concerns about the future viability of these breeds? 
Remember to account for sampling size and ascertainment bias in your discussion. (10 marks) 


7.2 Describe the relationships and levels of population differentiation using the data in Table 7.2 (10 
marks). 


7.3. Yeonbyun (YB) and continental Hanwoo (HW) have the lowest FST between any two breeds 
and interestingly, their pairwise FST is lower than the FSTs between the three Hanwoo 
subpopulations. Discuss how this could occur (10 marks). 


QUESTION 7 is continued on next page 
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Table 7.1. Breeds and number of individuals per breed/population; observed heterozygosity (and 
standard deviation), number of SNPs not segregating in each breed and coefficient of inbreeding. 


Breed Samples | Heterozygosity (sd) | Fixed SNP Fis 
Angus (AG) 19 0.341 (0.022) 1323 0.014 
Brahman (BR) 19 0.208 (0.019) 6228 0.004 
Brindle (BK) 20 0.306 (0.019) 4023 -0.038 
Brown Swiss (BS) 6 0.291 (0.014) 8115 -0.017 
Hanwoo (HW) 40 0.312 (0.01) 1321 0.002 
Hereford (HF) 15 0.334 (0.007) 2882 -0.005 
Holstein (HL) 19 0.329 (0.012) 3018 -0.008 
Jeju Black (JB) 20 0.303 (0.02) 3367 -0.013 
Limousine (LM) ik 0.332 (0.008) 2797 -0.002 
Yeonbyun (YB) 39 0.326 (0.016) 861 0.008 


Table 7.2. Upper diagonal — pairwise estimates of FST across breeds/populations (calculated 
following Weir and Cockerham, 1984). Breed abbreviations are the same as those used in Table 7.1. 


AG BR BK BS HW HF HL JB LM YB 
AG 0.30 0.15 0.13 0.12 0.09 0.11 0.14 0.08 0.10 
BR 0.31 0.38 0.27 0.34 0.32 0.30 0.31 0.25 
BK 0.19 0.03 0.18 0.17 0.06 0.14 0.03 
BS 0.16 0.17 0.16 0.18 0.11 0.13 
HW 0.16 0.15 0.04 0.11 0.01 
HF 0.15 0.18 0.11 0.13 
HL 0.17 0.11 0.12 
JB 0.13 0.03 
LM 0.08 
YB 
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